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Box 1. ESFRI Roadmap
The ESFRI Roadmap has given rise to 50 emerging RIs which are at various development stages. The
most mature have become legal entities and are operational; over the next 10 years they will expand to
incorporate nodes in multiple European countries. The need for skilled staff within these infrastructures to
maximise effective access is urgent. Also, several new infrastructures have started their planning phase.
They will beneﬁt enormously from the experience of the established RIs; only few people have established a
distributed infrastructure under the new EC legal instrument for this purpose – the European Research
Infrastructure Consortium (ERIC), or alternatives.Scientiﬁc Life
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Leaders of research infrastruc-
tures (RIs) in Europe who are
scientists require competencies
in management. RItrain has
addressed this issue by identifying
skills required, locating relevant
courses and ﬁnding gaps, whilst
establishing a Master of Manage-
ment programme. We describe
how one contributingmicrobiology
RI determined the most relevant
skills.
Many readers will have encountered
excellent researchers, including microbi-
ologists, who may not be leaders of peo-
ple. Some of these scientists manage
large research groups or whole organisa-
tions, often on the basis that they have a
PhD and years of laboratory experience.
Imagine the challenge for those who have
no experience of running a business in
writing a meaningful business plan, or
taking decisions for the RI and having
them implemented by other employees
within the organisation. Most important,
effective management means leading the
organisation towards results and being
accountable to its constituencies. This
is true particularly of service providers
supplying, for example, access to
archives and resources such as DNA
and protein sequencing to the scientiﬁccommunity. We contend that there is a
need for microbiologists and other scien-
tists to be trained in management and
leadership ‘competencies’ regardless of
specialism.
A competency is “an observable ability of
any professional, integrating multiple
components such as knowledge, skills,
values and attitudes” [1]. Importantly, an
individual’s scientiﬁc and technical
knowledge form only a small proportion
of the proﬁle; the remainder of the com-
petencies are generic – those skills
essential for employment and personal
development.
Throughout Europe there are research
infrastructures (RIs) – either single-sited
or distributed – functioning over numer-
ous countries, working with different legal
and cultural systems, making it especially
challenging to fund and perform ‘big sci-
ence’. In some ﬁelds, this issue has been
partially overcome by establishing inter-
governmental organisations. These
enable Europe to compete effectively on
a global scale in areas such as particle
physics (CERN), space science (ESA),
and molecular life sciences (EMBL),
founded in 1954, 1964, and 1974 res-
pectively. More recently the European
Commission has established the
European Research Infrastructure
Consortium (ERIC) and several newly
established, mainly distributed, RIs have
chosen this legal instrument. Most of
these new RIs were established as part
of the ESFRI roadmap for RIs (Box 1).
One of the advantages is to have a legal
instrument formally recognized in all EU
Member States, which includes VAT (tax)
exemption.Managers within pan-European RIs need
excellent, state-of-the-art leadership and
management skills if they are to succeed.
RIs are primarily service organisations;
they need to operate as businesses with
a client base: microbiologists would ben-
eﬁt from possessing such competencies
in international business and manage-
ment, especially relating to delivering
research within Europe.
RIs as a context for management and
leadership skills are made distinctive by
the circumstances of delivering world-
class, unique research services to the
scientiﬁc community on a global scale
and of accountability to many funding
countries at the national and international
levels. The location of research facilities,
within one or different national innovation
ecosystems, is another important factor
inﬂuencing the peculiarity of management
practice within RIs. Complexity is also
related to the number and variety of
stakeholders involved, and to the integra-
tion of assets/competencies of existing
self-governing research centres in achiev-
ing shared services.
The RItrain project [2] – funded by H2020
– is tasked with addressing this issue,
enabling managers of RIs to perform
optimally by encouraging scientists,
including microbiologists, to undertake
these important management roles. The
overarching goals are the identiﬁcation of
competency requirements for profes-
sional management of European RIs
and designing training programmes to
fulﬁl these requirements. They need a dis-
tinct set of competencies to deal with (i)
multinational operations, (ii) transnational
access and data ﬂow, (iii) different socialTrends in Microbiology, June 2017, Vol. 25, No. 6 425
security systems, (iv) different cultures,
and (v) different legal systems. There
are many RIs at various stages of devel-
opment in the EU. Some are fully func-
tioning, for example, molecular life
sciences by EMBL; others are at interme-
diate or preparative stages.
The RItrain consortium has identiﬁed ﬁve
major objectives for the project:
(i) Deﬁnition of required competencies in
RIs from preparatory to operational
phases.
(ii) Mapping of these competency
requirements to existing training
courses and programmes (see:
www.on-course.eu).
(iii) Development and piloting of a com-
prehensive curriculum at Master’s
level incorporating existing training
opportunities and creating new con-
tent to ﬁll gaps.
(iv) Development of webinars based on
how real challenges in RIs have been
overcome.
(v) A staff-exchange programme.0
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Figure 1. Hierarchical Display of the Scores of 15MIRR
and low (yellow bars) importance. The two general are
426 Trends in Microbiology, June 2017, Vol. 25, No. 6RItrain has developed a ﬂagship Execu-
tive Master [63_TD$DIFF]’s programme, enabling man-
agers of RIs across all domains to gain
expertise on governance, organisation,
ﬁnancial and staff management, funding,
IP, service provision and outreach in an
international context. The Master [63_TD$DIFF]’s pro-
gramme has been designed with direct
input of RI managers via a survey and 2-
day workshop resulting in an Organisa-
tional Competency Framework for RI
managers (www.ritrain.eu), which has
been used to develop the RI Empower-
ment model as the basis for intended
learning outcomes of the Master [63_TD$DIFF]’s pro-
gramme. Delivery will be by the University
of Milano-Bicocca, Italy, in collaboration
with the University of Minho, Portugal [64_TD$DIFF]and
Imperial College London, UK. The faculty
is composed of highly experienced aca-
demics and experts who have estab-
lished and managed RIs, from concept
to maturity, which will ensure excellence
in academic teaching and the application
of leadership competencies in real-world
situations.in
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I Participants Comprising 20 Competencies. The scores
as are Managing RIs within the EU (*) and Managing inThe Master[63_TD$DIFF]’s programme has been tai-
lored to meet the needs of RIs in the
planning, construction, and operation
phases. It has three delivery routes: (i)
professionals working in RIs can take
the full Masterś certiﬁcate or dip into the
content; (ii) management teams can take
the course as an organisation, dividing
modules between groups, to gain a cer-
tiﬁcate for the RI; or (iii) recent graduates
and others wishing to enhance their
employability can take the full Master[65_TD$DIFF]’s.
Course content will include webinars led
by academics and senior managers of
RIs. A staff-exchange programme will
catalyse exchange of best practice and
foster cooperation to develop a mobile
work force effective across many RIs,
and especially across disciplines. The
Microbial Resource Research Infrastruc-
ture (MIRRI; represented by the University
of Minho, Portugal) relates most to micro-
biology of the 12 partners in the RItrain
consortium, which took a unique oppor-
tunity to present the questionnaire under
discussion herein to their members.m
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were divided into high (red bars), medium (orange bars)
interdisciplinary/intercultural environments (**).
Table 1. Organisational Competency Framework for RI Managers
Competency domain Core competence
Leading the organisation  Strategic vision and operational planning
 Innovation and business development
 Stakeholder management
 Financial management
 Staff recruitment, management and development
 Service provision
 Impact assessment
 Acting as a role model
 Risk assessment
 Advocacy and ambassadorship
 Ethical and legal compliance
Engagement within and beyond the organisation  Communication and outreach
 Negotiation, collaboration and networking
 Leading change
 Promoting diversity
Professional conduct  Integrity
 Accountability
 Responsible decision-makingMIRRI coordinates the European collec-
tions of microbes, which are currently
individual national culture collections,
but have common goals and practices
that could be made more efﬁcient by
becoming a European RI. This young RI
has completed the preparatory phase of
the requirement. It will be a unique pan-
European, high-performance platform,
adding value to microbial biodiversity
and exploiting novel sources and knowl-
edge, which will be discovered and dis-
closed for the bioscience economy. It is
anticipated that the organization will con-
tribute fully to the search for new phar-
maceuticals from bioprospecting [3].
Current MIRRI education and training
requirements of microbial resources are
focused on technical areas [4] or infor-
matics rationalisation [5]: more technical
competencies for operators of RIs are
tackled in the Life Sciences cluster project
CORBEL funded also through H2020.
Biosecurity issues have also been
addressed [6–8] – an area of relevance
to management of RIs (Figure 1). Other
competencies have also been discussed
by Smith et al. [9], who developed a busi-
ness plan for MIRRI related to operational
planning. In addition, some valid technol-
ogy-related skills have been discussed as
relevant to MIRRI [10,11], but in order to
move MIRRI forward it is important to
understand which nontechnical compe-
tencies of managers are needed to move
the organization from preparation to oper-
ational. These issues are faced by culture
collections in the USA [12], where US
culture collections only recently partici-
pated in scientiﬁc meetings of their activi-
ties, rather than as an adjunct of other
research. Another goal of this new collab-
oration was to save US culture collections
vulnerable to closure. The continued
development of the World Data Centre
for Microorganisms is a useful model in
these changing times [13].
A questionnaire was devised concerning
what the 15 MIRRI participants consid-
ered the most important competencies
(Figure 1). The list of competencies werevoted on [66_TD$DIFF], which were taken from the orig-
inal RItrain project proposal [2] and was
divided into two parts to reﬂect the infor-
mation provided in the proposal: “Manag-
ing RIs within the EU” and “Managing
in interdisciplinary/intercultural environ-
ments” (Figure 1). “Ethical and legal com-
pliance” was given the highest rating of
41. In addition, “Biosecurity/security” (see
[6,7]) was in the high-priority group and
“Service development” was rated highly.
RItrain, through the Organisational Com-
petency Framework, identiﬁes several
core competencies that all science pro-
fessionals in RIs need to become more
actively involved in [67_TD$DIFF]during the planning
and delivery of RI’s services, when the
project as a whole is considered. These
competencies are grouped into three
broad domains: leading the organisation,
engagement within and beyond the
organisation, and professional conduct
(Table 1).
The competency framework can be used
in RIs as a compass to design training
programmes, assist appraisal and recruit-
ment, support personal development
planning, and facilitate career progression
of science professionals.All of the identiﬁed competencies will have
learning modules in the Masterś Pro-
gramme. While the curriculum includes
some of the standard elements of man-
agement education, the modules are
designed and delivered in a way that
focusses on the speciﬁcity of RIs. Each
module will also be accessible individually
to allow best use of its resources and
scientists to broaden their managerial
skills by adopting a learning empower-
ment approach. Hence, the development
of competencies will vary according to (i)
the positions held by individuals within the
organisation (e.g., middle or top manage-
ment), (ii) their level of training and experi-
ence, and (iii) the stage of the RI (i.e.,
planning, construction, or operation).
We anticipate that this approachwill apply
to all microbiologists and scientists, but
will tend to be more appropriate for those
in management roles.
The RItrain project puts leadership and
management skills centre stage, chal-
lenging all RIs to reﬂect how these are
practiced or required in their individual
organisation. Simultaneously, the com-
plex environment of RIs requires the
educational community to investigate
and debate this novel area of training.Trends in Microbiology, June 2017, Vol. 25, No. 6 427
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Opportunistic fungal infections
continue to take an unacceptably
heavy toll on the most disadvan-
taged living with HIV-AIDS, and
are a major driver for HIV-related
deaths. At the second EMBO
[100_TD$DIFF]Workshop on AIDS-Related Myco-
ses, clinicians and scientists from
around the world reported current
progress and key priorities for
improving outcomes from HIV-
related mycoses.Global Burden of HIV-Related
Fungal Disease
Whilst many fungi cause low-grade
superﬁcial infections, these microorgan-
isms are a major cause of high-mortality
invasive infections in immunocompro-
mised individuals [1]. Advanced HIV infec-
tion continues to be a major driver for
invasive fungal diseases, despite the
global scale-up of antiretroviral therapies
(ARTs) [1]. Deﬁning the global burden of
fungal diseases presents a major chal-
lenge, as they are often insidious in
nature, and there are intrinsic challengesin their diagnosis, as well as a global
lack of capacity for fungal diagnostics [1].
Best estimates suggest that there are up
to a million invasive fungal infections
per annum related to HIV-AIDS
[101_TD$DIFF] primarily cryptococcosis, pneumocysto-
sis, histoplasmosis, and talaromycosis
(formerly penicilliosis [102_TD$DIFF])], with a conse-
quent mortality of up to 500 000 per
annum [2]. This places HIV-related fungal
disease at nearly the same level of mor-
tality as other major infectious diseases
such as malaria and tuberculosis [3,4].
Current case fatality rates for cryptocco-
cal meningitis vary between 30% and
70% for patients diagnosed and treated
in sub-Saharan Africa [5,6]. Recent
data from the Amazon region for HIV-
associated histoplasmosis indicates a
50% overall mortality rate at 1 year [7].
Studies in Uganda indicate on overall
mortality of around 20% for HIV-related
Pneumocystis pneumonia [8], and a
mortality rate of 28% for HIV-associated
talaromycosis in Viet Nam [9]. In addition,
oral candidiasis is very common and
is associated with a high degree of mor-
bidity if untreated [1].
The Joint United Nations Programme on
HIV/AIDS (UNAIDS) has established an
ambitious treatment target known as
90-90-90 to control the AIDS epidemici.
But even if these targets are reached,
there will still be a substantial burden of
fungal disease in patients who present for
care late or disengage from or fail ART.
Despite this, fungal disease has not had
the same level of focus from the global
community, although as a result of recent
efforts from the medical mycology com-
munity, we hope this is now changing.
At the inaugural meeting of the EMBO
Workshop on AIDS-Related Mycoses
in Cape Town, South Africa, in July 2013,
ﬁve key goals were identiﬁed to improve
outcomes from these deadly diseases:
